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ACTIVE MATRIX DISPLAY DEVICE AND METHOD OF DRIVING
THE SAME

TECHNICAL FIELD
The present invention relatés to active matrix-type display devices,-in

particular to display devices using Liquid _crystal or organic EL

(electroluminescence) and to driving methods of the same. Mofé:..- .

specifically, the present invention relates to display devices that bring about{?;'"- -

multiple-level gray scale diSplay_ by combining two or multiple valués of
voltage' levels in temporaliy ‘weighted sub-frame periods and to driving

methods of the same.

. BACKGROUND ART

There has been a need for display devices that consume even less

power for use in battery operated, compact, portable devices. As typicai

display devices that meet such a need, liquid crystal and organic EL
(electroluminescent) display devices are known in the art. Active

maﬁrix-type display dévices using-thesé display elements, display devices )
that typically use three-terminal thin film transistors (TFTs) as the

svvltchmg elements, usually bring about gray scale display by controlling

the brightness of the pixels with analog voltage or current. For example, in

. the case of a liquid crystal display device_by the application of analog

voltage and in the case of organic EL display device by the flow of analog

current, the brightness of the display elements is varied, bringing about

gray scale display.
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Fig. 10 shows the construction of a prior ait active matrix liquia crystal
panel. A method of brmgmg about gray scale display in this panel is
described later. Reference numeral 101 denotes an active matrix-type
liquid crystal panel comprising signal ].mes S1 to Sn, scan lines G1 to Gm
intersecting the signal lines, and switching elements located in the vicinity
of the intersection points. Si denotes any given signal line, Gj any given

scan line, and reference numeral 102 a switching element in the vicinity of

~ the intersection point of these lines, the switching element in this case being

‘an example of a commonly used three-terminal thin film transistor (TFT).

Reference numeral 103 denotes a liquid crystal element. A counter

electrode Vcom is formed on the side confronting a transistor 1102.

- Reference numeral 104 denotes a storage capacitor for helping to sustain

the capacitance component of the hqu1d crystal element 103 to prevent.
image degradation. Itis usuai foi' an additib_nﬂ electrode _Vst on the other
side of the storage capacitor to be commonly connected to the counter
electrode Vcom. An iﬁterséction point 105 on the transistor side
corresponds to a pixel electrode. |

To explain operation of the dev'i_ce s_imply, the scan line Gj reaches a

high potential one time in one frame period and turns on the transistor 102.

The pixel electrode 105, in other words the liquid crystal capacitor 103 and

the storage capacitor 104, is charged with respect to the counter electrode
Vcom to the potential corresponding- to that of the signal line Si at the time
the transistor 102 is turned on. The scan line Gj then reaches a low
potentia] and the transistor 1‘_02 is turned off, the potential charged to the

pixel electrode being held for one frame period. While it is usual to drive
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liquid crystal by alternating current, it is also common to synchronize the

. counter electrode Vcom and common electrode Vst that is the storage

capacity with the signal line Si and apply inverted pulse waveforms,

whereby amplitudes to the signal line Si are reduced. " Reference numeral

106 denotes a shjft'regi.'ster and a latch on the signal side. The shift
register/latch 106 sequentially samples image signals and performs serial to

parallel. conversion using a clock signal CKH and a start signal STH

inputted from an external circuit. Fig. 10 shows an example in which a.
digital image signal is supplied; a plurality of bits of the image signal are
_converted into analog signals by a D/A converter circuit 107, and the current

* is amplified by an operational amplifier108 and is'app]ied to the signal lines

S1 to .Sn. The scanning sidé is made up of a shift register 109 and. an
éutput buffer 110 that sequentially scans the scan lines from top to bottom
using a clock signal'C'KV and a start signal STV applied from an external
circuit and drives the scan lines G1 to Gm by pulse waveformé.

Fig. 11 is a set of waveform diagrams associated with each part. HD
shows a horizontal synchronizing. signal, a cycle thereof being a horizontal
scanning period H and equi\}alent to the STH cycle and to the CKV cycle.

The phases of these cycles may be changed s]ightly dépend.ing on p'ahel

- characteristics and the like. An input signal is a digital image signal
whose data changes hccording to the CKH 'cycle.. FF1, FF2, and FF3 show

| sampling pulses of the shift register on the signal side. For example, in

cases in which there are 4 bits and 16 gray scales, when data is represented
using hexadecimal numbers, “0” in FF1, “7” in FF2, “F” in FF3 are sampled

and latched. When this data is converted from digitél to analog using latch
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pulse timing, the height of the pulse changes with respect to the counter
electrode potential Vcom, and thus gray scale is realized. By performing

counter-inversion, the voltage amplitude of the signal line can be about

. halved in the case of alternating current driving of liquid crystal, and thus

this is generally carried out. It is to be noted that there has been
disclosed capacitively coupled driving wherein the storage capacitor 104 of
Fig. 10 is formed such that it overlaps with a pre-stage gate (Gj;l, though
not shown in the figure), and pulse voltages are applied from the side of the
pre-stage gate, the counter electrode potenﬁal being fixed, such that the
voltage amplitude of the signal line is about halved, as is realized with

counter-inversion (Japanese Unexamined Patent Application Publication No.

- H3-35218). The same a‘dvan_tagéous results can be obtained with

capacitively coupled driving .wherein pulse voltagéé are applied .to the
storage capacitor independently of the gate, the storage capacitor 104 not
overlapping the pre-stage gate (Japanese Patent Application F11-255228).
Fig. 12 shows tile selection sequence of scan lines. Time is plotted on
the hoﬁzontal axis and selection lines on the vertical axis. The smallest
width on the time a:ns is a horizontal' scanning pe_riod H and the number of
display linés is 16. As is shown in Fig. 12, the scan lines are sequenﬁa]ly
scanned as in the selection sequence Q—>1—>2—>..,.——->15. Therefore, one

frame is completed by 16H, at which time the writing of the next frame

. begins. Though omitted in Fig. 12, in practice it is possible to provide

vertical blanking periods in addition to line selection periods in a frame
period. Itis to be noted that the horizontal scanning period H, equal to the |

HD cycle shown in Fig. 11, is such that the analog signal is written to a
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pixel within this heriod.
The construction of a prior art active matrix organic EL panel is shown .

in Fig. 13. Parts having functions corresponding to those of parts in the

- liquid crystal panel of Fig. 10 are accorded like reference numerals.

Reference numeral 401 denotes an active matrix-type organic EL panel

comprising signal lines S1 to Sn, scan lines G1 to Gm intersecting with the

~signal lines, and switching elements located in the vicinities of the

intersection. points. ' Siis any given signal line and Gj is any given scan lne.
Reference numerals 402 and 403 denote a first and a second switching
element in the vicinity of the intersection point of these lines, each
switching element being: shéwn as a three-tefminal thin ﬁhﬁ transistor
(TFT). Reference numeral 404 denotes an auxiliary éapacitor serving to
maintain the voltage of the signal line Si .app]ied'to the gate electrode of the
second transistor 403 via a first transistor 402. Reference numeral 405
shows the location of a piXel electrode connectéd to a power line Vs via a

second transistor 403. Reference numeral 406 denotes an organic EL

' element formed between a pixel electrode 405 ahd a counter electrode Vcom.

The organic EL element 406 emits light when current is flowed between the
counter electrode Vcom and the power line Vs, and gray scale display is
brought about by controlling this current. The operation of the row driver

circuit and the column driver circuit is similar to that of the liquid crystal

. display device of Fig. 1; a scan line Gj is seduentially scanned, the first

transistor 402 is turned on, and the analog voltage outputted from the

signal line Si is written to the gate of the second transistor 403 and the

auxiliary capacitor 404.
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As is descrii)ed above, in prior art active matrix Hﬁuid crystal panels
and organic EL panels, gray scale display is brought about by the analog
modulation of brightness. - For this purpose, itl has been necessary to-
provide a D/A converter circuit in the row driver circuit to supply an analog
amount of voltage or current to the i)anel. However, in the étage following
that of the D/A converter circuit, it has been necessary to provide an
operational amplifier as a current buffer fof charging and discharging the
signal line capacity, which is the load. This is one cause of the increase in-
the. power consumption of the driver cixjcuit as a wi:ole‘. This increase is
explained in that the _static'curreni; flows continually even at the time the

operational ampliﬁer. is not charging or discharging the load and the

" pumber of operational amplifiers is as niany as the total number of signal

lines. Thus, the sum of the powér consumption caused by the static current
of the operational amplifiers increases and occupies a largé proportion of the
power consumption of the driver circuit as'a whole.

 In gray scale display of an active matrii organic EL panel,. because
brightnesé is controlled by the amount of current flowing to the organic EL
elements, the panel display quality is very sensitive to vaﬁances in
current-voltage characteristics of the pixel transistors. 'Therefore, in order

to prevent degradation in image quality such as unevenness in brightness, it

is necessary to make the transistor characteristics uniform across the whole

panel.

As one method of solving these problems concerning power and image
quality, a driving method is known wherein instead of using analog circuits

such as D/A converters and operational amplifiers, gray scale display is
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brought about digita]ly by temporal modulation using only two values of
fixed voltages. In the present invention this is referred to as the digital

gray scale display method.. With the digital gray scale display method,

" there is no power loss due to static current of the analog circuit and

requirements on the variance of transistor characteristics for high imsge
quality are_not stringent. | |

| Fig. 14 shows the construction of a prior art digital gray scale display
method using a liquid crystal display device as the example. In com_parison
with Fig. 10, Fig 14 has disposed an analog multiploxer for selecting one of
two values of fixed voltages VH and VL, in other words a decoder 501 and

an analog switch 502 in place of a D/A converter cu'cult and an operahonal'

~amplifier. The decoder and the analog switch can be constructed using a

very simple circuit with which there is almost no static power consu_mptmn.' '
In the case of digital driving using organic EL also, a decoder and an analog

switch are disposed in place of a D/A converter circuit and an operational

| amplifier as is shown in Fig. 5. Particularly when the digital gray scale

display method is applied to organic EL, even 1f the current-voltage
charactenstlcs of the pixel transistors shghtly vary, h1gh quality images
without unevenness in.brightness can be provided supposing the current
variation is controlled with respect to the two values of fixed voltages. Itis
to be noted that the scanning side is construoted using a shift register
circuit for bringing about sequential scanning as is shown in Fig. 7 and the
analog. driving is the same as that of Fig. 10. _ |

A method of bringing about gray scale display using two values of fixed

voltages VH and VL is now explained with reference to Fig. 15. A frame
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| period for displaﬁng all of the pixels is divided into a plurality of sub-frame

periods thét are temporally weighted and by applying, in each of the
sub-frame periods, VH or VL to the pixel electrode in the case of a liquid
crystal display device and to the gate' electrode of the secon(i transistor in
the case of an organic EL display device, temporal pulse width modulation is
brought about. Fig. 15-_shows an example in which there aré two values of
fixed voltages and the number of sub-frames corresponds to the number of
input data bits, there being four bits of input data and four sub-frames.
Sub-framés SF4 to SF1 aie a]located accordingly the most significant bit
(MSB) of input data .to the least significant bit (LSB) of input data.

" Through the input data and the combination of the two values of fixed

voltages VH and VL in the weighted sub-frames SF1 to SF4, 16 levels of
gray scale display are brought about. For example, when the gray scale

data 1s 11 in decimal, in other words “1011” in binary, in the sub-frame SF3,

VL, which corresponds to “0,” is selected and in the sub-frames SF1, SF2,

and SF4, VH, which corresponds to “1,” is selected. It is to be noted that

VH may be made to correspond to “0” and VL with “1” in accordance with

- transmittance-voltage characteristics (T-V characteristics) of the liquid

crystal elements and light-emitting-current characteristics of organic EL.

In the prior art digital gray scale display meth'od, in order to have a

construction such that the sub-frames are temporally weighted, it is

necessary to select scan lines as is shown in Fig. 16. Fig. 16 shows a case
in which the number of sub-frames is four and scan lines are simply
sequentially scanned from top to bottom, the more significant the bit the

longer the sub-frame period in order to realize sub-frames having temporal
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weightings of 1:2:4'8. The ﬁ'amé period in the case of sequential'scannin_g
by digital driving in this manner is giveh by
LA+2+4+..+2%)xH = (2" ~)HL

where N is the number of 'sub-frames, L is the nﬁmber of display lines and
H is the horizontal scamﬁng period. As is understood from the ﬁbéve
equation, as the number of sub-frames N increases, the sub-frame period
exponentially lengthens due to the portion of: the equation 2 to the Nth
power. In particular, in the sub-frame period cbrrespondjng to the most
significant bit (MSB), the hld times of the other lines during which writing
is not carried out is greatly lengthened. Thus, the frame cycle is |

lengthened and changes in display intensity known as flicker arise. On the

-other hand, when the fr_ame frequency is fixed, there haé been the problem

of an increase in hoxfizonigal scanning frequency, resulting in an increase in
power. |

Dynamic contouring, an image quality 'p_roblem specific to the digital
gray scale displ#y method, is now described. Fig. 17 shows the principle of
the generation of dynamic confourihg. In .a case in which there are two
values of fixed voltages, the number_of sub-frames is. four, the ratio of the
sub-frame hold times is 1:2:4:8, and there are 16 levels of gray scale display,
moving display is assumed and the sﬁcﬁessive changes in brightnéss of any .

given pixel over two frames is examined. In order to simplify the

. explanation, in Fig.17, sub-frames are selected in order from sub-frame SF4

corresponding to the temporally most significant bit. It is supposed that in

" a first frame, gray scale “7,” in other words “0111,” is displayed and in a

second frame, a gray scale “8,” in' other words “1000,” is displayed. Thus,
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over 2 frames, “01111000” is displayed. Although the pattern of emitted

‘light is accumulated and témpora]ly averaged by the human eye, with a

frame frequency of approximately 60 Hz, the pattern of emitted light,
“1111...,” which should be pérceived as a brightness of the intended “7” or
“8,” is momentarily perceived aé-a.brightness of gray scale “16.” Tﬁus, a
sudden change in the significant bit brings about dynamic contouring. In
order to prevent this phenomenon, it is_ common practice to employ
techniques wherein the number of 'sub-frames is increased to suppress
sudden bit changes as much as possible. Fbr example, as is shown in Fig.
18, a gray scale of 16 is appropriately chosen where the number of
sub-frames is five and the ratio of sub-frame hold times is 1:2:4:4:4. In fhis
case, the shift from gray scale “7” to gfay scale “8” becomes smooth and
dynamic contouring associated with this gray scale shift is reduced.
Nonetheless, dynamic contouring arising with the shift from gray scale “3”
to gray scale “4” remains. Supposing the number of sub-frames is again
increased,l dynamic contouring can be reduced yet further. In th_is way, it is
necessarjr to increase the number of sub-frames in order to reduce dynamic
contouring, resulting in a lengthening in_ the frame cycle, and supposing the

frame ﬁ'equency is fixed, an increase in the horizontal scanning frequency

results. The consequent increase in power has been a problem.

Summary of Problems in Backgroimd Art
| The above-described problemé in the b'ackgrounti art are summarized
as follows. |
(1) In display devices used in compact, battery operated, portable

devices, in particular in display devices such as active matrix-type liquid
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crystal display devices and organic EL display devices, when multiple-level
gray scale display is brought about without using analog circuits such as
D/A converters and operational amplifiers by temporally weighting
sub-frames with only two.values of fixed voltages, the frame cycle is
lengthened, resulting in the geheratioﬁ of flicker and an increase in power.
(2) When the number of sub-frames is incfeased in order to reduce

dynamic contouring, a further increase in power results. |

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide an active matrix
display device that brings about multiple-level gray scale display By the ﬁsé' |
of sub-frames and shortens the frame period to prevent generation of flicker
and an object to provide a method 6f_ driving thereof.

Itis moﬁer object.of the present invention to provide an active matrix
display device that reduces dynamic contouring without necessitating an
increase in the number of sub-frames and to provide a method of driving
thereof. ‘ |

The present invention realizes these and other objects by the provision
of a method of driving an active' niatrix display device wherein one frame
comprises a plurality of sub-frame.s each comprising a write time and a hold

time and a gray scale display is brought about by the cumulative effect of

the hold times, the method comprising the steps of simultaneously with

outputting a signal having a value of a signal level via each of signal lines,

the value of the signal level being selected from values of a plurality of

signal levels in accordance with digital image data and the number of the
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plurality of signal levels being fewer than the number Qf display gray scales,
randomly scanning scan lines other than one predetermined scan line in a
predetermined sequence in the hold time of each of the sub-ffanies
corresponding to the one predetermined scan line so that any one sub-frame

is not written to any one scan line more than once, wherein one frame

" period is such that in each respective scan line, the writing of each of the

plurality of sub-frames is substantially brought about and the hold time of

-each of the sub-frames is ensured to bring about gray scale display driving.

Selection methods ac_cording to the present invention include both
cases in which the selection sequence of the sub-frame periods is repeated
cyclically and cases in which the selection sequence is not repeated cyclically.
In addition, there are both cases in which each sub-frame is sequentially
scanned and caé.es in which each sub-frame is not sequentially scanned.

According to the above cbnst;:ﬁction, the advantageous effects of a
shortening in the frame period and a large reduction in flicker as compared
to prior art digital grajr scale display inethods are realized.

In addition, supposing the frame frequency is ﬁxed, the horizontal
scanning period may be lengthened, makirig it possible to reduce the power
required for the charging and discharging of the liquid crystal panel .
capacity carri.ed' out at this time. o

The invention also makes it possible to simplify the construction of a

. driver circuit- without necessitating D/A converter circuits or operational

amplifiers and to realize a reduction in power consumption.
In the present invention, there are also driving methods where the

scan lines are selected such that the selection sequence of the sub-frame -
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periods is repeated cyclically as in SF1-» SF2—s ...— SFn— SF1— SF2—

...— SFn. In a driving method such as this, the selection method of the

scan lines is not necessarily such that each sub-frame is sequentially
scanned.

There are also .driving methods_ where the scan lines are selected such
that the selection sequence of the sub-frame periods is repeated cyclically as
in SF1— SF2— ...— SFn— SF1— SF2— ...— SFn and sequentia_l scanning
is brought about with respect to each of the sub-frame periods. -

There are also cases where driving is such that the frame period is set
to _ |
NH[1+K (2" -1)]=NHL
where N is the number of sub-frames, H is a horizontal scanning period,

1:2:4:...:2N-1 js the weightings of the hold times, L is the number of scan

lines, and K is a positive integer.

There are also cases where the driving is such that the frame period is

set to
NH[1+2K(i)}= NHL
where N is the number of sub-frames, H is a horizontal scanning period, X()

is the weighting of the hold .time of the period of an ith éub_-frame where

i=1,2,..., N, and L is the number of scan'lines. -

There are also cases where simultaneously with outputting a signal
haﬁng a value of a signal level via each of signal lines, the value of the
signal level being selected from values of a plurality of signal levels in
accordance with digital image data aﬁd the number of the plurality of signal

levels being at least three and fewer than the number of display gray scales,



10

15

20

25

14

thg degree of freedom of the signal levels usaqu for one gray scale is made
two w1thm the period of the one frame.

The number of the values of the plura]ify of sign'al lévels may be two or
a plurality of three or more. =Particularly the case of a plurality of values

(use of multiple-values), as in three or more, denotes the use of both digital

- and analog in carrying out gi‘ay scale display. In addition, in such cases

using multiple-values, there is the advantage of being able to increase the
number of display gray scales without increasing the number of sub-frames.
For this reasonm, as long as gray scale is appropriately selected so that
sudden bit shifts between two adjacent éray scales is reduced, it is made
possible. to suppress ﬁnage quality. degradation caused by | dynamic
contouring without increasing: the number of Sub -frames. | |

The 'present invention also includes- active matrix display devices
constructed so that the driving method deécribed above is realized.

The activé matrix display devices may be a liqui'd cryétal display devic;e _
having a liquid crystal layer or an organic EL display device provided witha

luminescent layer.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the structure of the niain parts of an active matrix liquid
crystal display device 10 in accordance with embodiment 1.
Fig. 2 is an electrical cn'cult diagram of the liquid crystal display device
10.
Fig. 3is a diagrain of a dnvmg sequence showing a scan line selection

sequence of embodiment 1.
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Fig. 4 is a diagram of a driving sequence showing an alternative
example of a scan line selection sequence of embodiment 1.

'Fig. 5 is a diagram of a driving sequence showing an alternative

-example of a scan line selection sequence of embodiment 1.

Fig. 6 is an electrical circuit diagram of a liquid crystal display device
10Ain accordance with embodiment 2.

F1g 7 is a diagram showmg the relatlonslnp between gray scale and
sub-frames in embodJment 2. |

Fig. 8 is a diagram showing an alternative example of the relationslﬁp
between gray scale and sub-frames in embodiment 2.

Fig. 9 is a diagram showing aﬁ"altemative example of the relationship
between gray écale and sub-frames in embodiment 2.

Fig. 10 is a diagram showing the construction of lan analog gray scale
display in a prior art active matrix liquid crystal panel. |

Fig. 11 is a waveform diagram of an analog gray scale display in a prior
art active matrix liquid crystal panel.

Fig. 12 is a diagram showing a scan line selection sequence in a prior

- art analog gray scale display. |

Fig. 13 is a diagram showing the construction of an analog gray scale
display in a prior art active matrix organic EL panel.

Fig. 14 is a diagram showing the construction of a digital gray scale

. display in a prior art active matrix liquid crystal panel;

Fig. 15 is a diagram showing the relationship between gray scale and
sub-frames in a digital gray scale display.

Fig. 16 is a diagram showing a scan line selection sequence in a prior
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art digital gray scale display.

: F1g 17 is a diagram showing the principle of dynamic 'contouring
generation in a digital gray scale display. |
Fig. 18 is a diagram showing a method of reducing dynamic contouring

in a prior art digital gray scale display.

BEST MODE FOR CARRYING OUT THE INVENTION
EMBODIMENT 1
Fig. 1 shows the structure of the main parts of an active matrix liquid
crystal display device 10 in accordance with embodiment 1. Fig. 2 is an
electrical circuit diagram of a liquid crystal display device 10. Parts of the
Liquid crystal d1splay device of the present embod1ment 1 correspondmg to
parts of the examples from prior art shown in Figs. 10 to 14 are accorded the
same reference numerals, and detailed description is omitted. The liquid

crystal display device 10 is an active matrix display device such that one

- frame comprises a plurality of Sub-frames SF1, SF2, ..., SFn (when referring

to the sub-frames generally, the abbreviation SF is used) each comprising a
write time and a hold time and a gray scale display is broué'ht about by the
cumulative effect of the hold times. The liquid crystal display device 10
comprises a first substfate 11, a second substrate 12 disposed such that it

opposes the ﬂrst substrate 11, and a liquid crystal layer 103 sealed between

. the substrates 11 and 12; 'On the inside surface of the first substrate 11, .

thin film transistor (TFTs) 102, pixel electrodes 105 connected to the TFTs

102, and storage capacitors 104 connected to.the pixel electrodes 105 are

formed. The TFTs 102 serve as swii:ching_ elements located at each
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| intersection poinf of a plurality of signal lines S1, S2, ..., Sn (when referring

to the signal lines generally, the abhreviation S is used) and a plurality of
scan lines G1, G2, ..., Gm (when referring to the scan lines generally, the
abbreviation G is used) arranged in a matrix. On the inside surface of the.
second substrate 12, a counter electrode 14 is férmed.

Reference numeral 20 denotes a signal line driver circuit. The signal
line driver circuit 20 comprises a shift register/latch circuit 106 (for
simplification, the shift register and the latch are represented together by
one block in the diagram), a decoder 501, and an analog switch 502. The
decoder 501 and the analog swit;ch 502 make up an analog multiplexer for
selecting either of the two values of fixed voltages VH and VL in .éccordénce
with digital image data. According to th1$ construction, the signal line
drivér circuit 20 carries out the function of outputting a voltage having a
value of a voltage level via each signal line S, the value of the voltage level
being éelected from values of a plurality of voltage levels set in advancé (m _
the present embodiment i, the two values of fixed voltages VH and VL) in
accordance with digital image data and the plurality of voltage levels b_ein.g'
fewer than the numbef of display gray scales.

Reference numeral 30 denotes a scan line driver circuit. The scan line
driver circuit 30 is made up of a decoder 803 for selecting a scan ]ine G as
desighated by an address signal ADV and an output buffer 110. The .
decoder 803 is constructed such that an address signal ADV outputted from
a controller circuit (not shown in diagram) is -su'.p'plied and the scan line
addreésed by the address signal ADV is selected. The addressing sequence

is stored in advance in the memory of the controller circuit (not shown in
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diagram), aﬁd based on this membry, scan lines are scanned 'raﬁdomly ina
sﬁ eciﬁed sequence as is described later.

A  method of driving the liquid crystal display device 10 is now
described. In embodiment 1, a frame period for displaying an entire image
is divided into a plurality of sub-frame periods that are temporally weighted.'
By selectively outputting a voltage having either éf the two.values of fixed
voltages VH or VL in each sub-_frame period, temporal pulse Width
modulation is brought about. An example of the relationship between gray '
scale data and the combinaﬁOn' of the two values of fixed voltaées in each
sub-frame is shown in Fig. 15, but ofher combinations, different from that
shown m Fig. 15, are also j)ossible. _

A specific driving sequence is ‘s.hown in Fig. 8. - Fig. 3 shows an

example of a case in which there are 16 scén lines ranging from a zeroth

. scan line to a fifteenth scan line, two values of fixed voltages, and four of

both the number of sub-frames and the number of bits of input gray scale
data. Fig. 3(a) and.F-ig. 3(c) show the sub-frame of the zeroth scan line.
Fig. 3(b) and Fig. 3(d) show the scan line selection sequénce. It is to be
noted that Fig. 3(a) and Fig. 3(0) together show one frame period; although
Fig. (0 is the continuation of Fig. (2), the diagram was divided into two
parts in consideration of space. Slmﬂarly, F1g 3(b) and Fig. 3(d) together
show one frame period; although Fig. :3(d). is the continuation of Fig. 3(),

. the diagram was divided into two parts in consideration of space.

. Referring to Fig. 3, a specific driving method is described below. The
period of each .sub-frame SF1 to SF4 comprises a write time and a hold time,

the write time being fixed at one horizontal scanning period (1H) in all of
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the sub-frames aﬁd the hold time being weighted in évery sub-frame by the

product of the horizontal scanning périod, 2 raised to a power, and a

constant. In other words, supposing the hold time of the sub-frame SF1 is
taken to be 4H, that of the sub-frame SF2 is 8H, that of sub-frame SF3 16H,
and that of sub-frame SF4 32H. | |

In the above, it is an object of the driving method of the present

- invention to shorten the frame period. Thus, in order to achieve this object,

scan lines other than one predetermined scan line (in the case of Fig. 3, the

fivst to the fifteenth scan line) are randomly scanned in a predetermined

sequence in the hold time of each sub-frame corresponding to the one
predetermined scan line (in the case of Fig. 3, the zeroth scan line) so that
any one sub-frame is not written to .any one scan line more than once and

one frame per_ibd is such that the writings andlthe hold time of each of the

~ sub-frames with respect to all of the scanning lines are ensured to bring .

about gray scale display.

In éetting up a specific scan line selection sequence in order to achieve
the ébject described above, the sub-frame periods must first be generalized.
The ith sub-frame period (where i=1,2..., N) is given by .

(1+2" xNK)x H
where H is one horizontal scalining period, N is the total number of
sub-frames, and K is a positive integer. | In the above expression, the first
term in the parentheses is the write time and the second term is the hold
time. The hold time is given by (2 raised to a power)x(a constant K)x(the

number of sub-frames N)x(the horizontal scanning period H) and the (2

‘raised to a power) portion of the expression is weighted by 1, 2,4, 8 .. .in
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every sub-frame.' The term NK is included in the hold time b_ecauée it is
useful m shortening the frame period as is described_ later. |

Because one frame period is fhe_ sum of all the sub-frame periods, itis -
given by | o

[N +NK(1+2+4+..+2% ) x H'= NH[1+K (2" -1)].

In the waveform diagram of Figs. 3(a) and 3(c), the pulse portions

correspond to the write times and all other portions correspond to the hold

times.

The scan line selection sequence is not such that the lineé are simply
scanned from the top to the bottom, but rather as is shown in Figs. 3(b) and
3(d), such that. lines are selected in é' specified sequence. Thus, the hbld
time of the sub-frame period in the .signjﬁcant _Bit is used to write the

sub-frames of other ]inés, and thus the frame period is shortened. A

’spec-iﬁc method of shortening the frame period is carried out by employing

the procedure described below.

(1) Setting the number of display scan jines

In ordef to write all of the sub-frames in one frame period, N write
times are necessary per line. | Therefore, when the number of display scan
lines is L, the write time necéssary for one ﬁame period is the product of one
horizontal scanniﬁg period and (NXL). In other words, the write time is
given by NHL. When the 'hold: time is used to write other lines, the most
efficient case is given by

NH[1+K(2" -1)]=NHL.
Therefore, the number of display scan lines ma& be selected such that

L=1+K@2" -1).
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'Because in the example of Figs. 3(b) and 3(d) the number of sub-frames

N=4, the number of display scan lines L=15K+1. Kis a positive integer,

and when K=1, 2, 3..., =16, 31, 46.... In Figs. 3(b) and 3(d), K=1, and thus
the number of display scan ]jnes L=16 and one frame period ié such that
NHL=64H. | |

(2) Setting the scan line "selection' sequence

Next, the scan line selection sequence is explainéd in detail. Fig. 3 |
shows a case in which the number of sub-frames. N=4 and the number of
display scan lines L=16 (K=1). The sub-frame periods are 5H, 9H, 17H,
and 33H, respectively, and one frame period is 64H, the sum of thése .
sub-frame periods. Looking at the top zeroth scan line, W'e see that from
tﬁne t=0 throughout the hprizontal scanning period 1H, sub-frame .SFl,

corresponding to the least significant bit, is written. Subsequently, there is

. a hold tilme. of 4H, and the wntmg of SF2 to the zeroth scan line occurs at

t=5H. During the hold time of this SF1, the sub-frames of other scan ]ines

are written. Specifically, the SF2 of the fifteenth scan line is written at

"~ t=1H, the SF3 of the thirteenth scan line at t=2H, the SF4 of the ninth scan

line at t=3H, and the SF1 of thé first scan line at t=4H. In other words, the

sequence. of writing the sub-frames is repeated cyclically as in SF1— SF2—

- SF3— SF4—» SF1.... It is understood from examining one sub-frame, for

examﬁle SF4, that the selection sequence is sequentially scanned, the start
line being 9, as in 9— 10— 11— ...— 15— 0— 1— ...~ 8. The sequential
scanning is similarly brought aBout with other frames excep.t that the start
line -chan'ges. In deférmining the time of writing each of the sub-frames

with respect to the zeroth line, the start line of each -sub-frame is
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automatically determined. .

In this manner, by selecting scan lines such that the hold times of
sub-frames are used to write the sub-frames of other lines, the fpame perxiod”
is shortened by a.factor of N/(2N-1) as compared with a case in which the
sub-frame construction is such that lines are simply sequentially scanned.

- For example, Fig. 3 and F1g 16 have the same number of display scan
lines and the same number of sub-frames, but while the sequential scanning
of Fig. 16 has a frame cycle of 240H, that of Fig. 3 has a frame cycle of 64H.
Shortening the frame cycle makes it possible to prevent changes m display
inténsity known as flicker. By fixing the frame &eqﬁency, it is also possible '
to léﬁgthen ‘the horizontal scanning period and thus reduce the power
necessary for the charging and ldischarging of the liquid crystal panel
capacity to be carried out during this horizontél scanning period. |

In the example abo've,. the ratio of Sub-frame hold times was set to SF1:

SF2: SF3: SF4=1: 2: 4: 8, but the present invention is not limited to this.

For example, even if the. ratio is set to SF1: SF2: SF3: SF4=2: 8: 1: 4,
supposing the scan line selection sequence is as shown in Fig. 4 according to
similar thinking as that described above, shortening of the fram_e period is
achieved. |

In addition, in the example above, the seiection sequence of | the

sub-frame periods was repeated cyclically as in SF1— SF2— SF3— SF4—

. SF1..., and scan lines were selected to brmg about sequential scanning with

respect to each of the sub-frame periods. However, the present invention is
not limited to this. For example, as is shown in Fig. 5, while the selection

sequence of the sub-frame periods is repeated cyclically as in SF1— SF2—
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SF3— SF4— SFl..., it is possible to select the scan lines such that
sequential scanning is not brought about with respect to each of the
sub-frame periods. In the case of Fig. 5, it is understood from examining
SF4, for example; that the seléction sequence is such that every other line is
skipped as in 3—557-59—-—11-13—15-2—4—...-145355—, line 3
being the start line. Other lines are _Similarly scanned such that every

other line is skipped. Even if scan lines are selecte.d such as in Fig. 5,

‘shortening of the frame period can be achieved. It is to be noted that

~ sequential scanning can simplify the address circuitry that designates the

scan lines.

Furthermore, in thg ex:;lmple abové, the sub-frame periods were
repeated cyclica]ly.in order of weightihg froxh smallest to largest as in SF1—
SF2— SF3— SF4— SFl— ... and scan lines were sélected, but the B

sub-frame periods may also be in order of weighting from largest to smallest

as in SF4— SF3— SF2— SF1— SF4— .... Alternatively, the sub-frame.

sequence may be set freely with no relation to weighting, as in for example,

SF3— SF1— SF4— SF2— SF3—

Also in the example above, the cycle of sub-frames to be repeated
cyclically was set to a 4H cycle to correspond with the number of sub-frames
N=4, however, it may be set to a muitiple of N. - For example, when N#4,

the sub-frames may be reﬁeated cyclically with the cycle set to an 8H cycle.

. In addition, the sub-frame sequence may be altered such that several lines

are skipped, the lines are divided into even lines and odd lines, or the like in
each block comprising a plurality of lines selected from all of the lines. In

such cases, each of the sub-frames is not necessarily sequentially scanned.
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Summary of methods of selecting scan lines

In summarizing the methods of selecting scan lines, the methods may
be broadly classiﬁed into three categories.

(1) Scan lines other than one predetermined scan line selected from a
plurality of scan lines are randomly scanned in a predetermined sequence in
the hold time of each sub-frame conesi)dnding to the one predetermined
scan line so that any one sub-frame is not written to any one scan line more
than once, and one frame period is such that in each respective scan line,
the write and hold time of each of the plurality of sub-frames is
sub_stantié]ly ensured. |

In this selection metﬁod_, both cases where fhe sub-frame period
selection_ sequence is repeated cyclically and cases where the sub-frame
period selection sequence is not repeated’cyc]ica‘lly are included. As for
each of the sub-frames, cases with sequential scanning and cases without
sequential scanning are included. This selection method makes it possiblé
to shorten the frame period by effectively uﬁ]izing the hold times.

(2) Scan lines are selected so that the seiection sequence of the
sub-frame.-p._eriods is repea_-ted cyclically as in SF1—> SF2— ...—» SFn—
SF1— SF2— ...— SFn.l o

With this selection method, each 6f the sub-ﬁ'ames is not n.ecessarily.

sequentially scanned. This selection method makes it possible to even

_ more effectivély utilize the hold times as compared with the selection

method (1) above such that the frame period is shortened as much as is
possible and to simplify the address circuit that designates the scan lines.

(3) The selection sequence of the sub-frame periods_SF1—> SF2— ...—
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SFn— SF1—s SF2— ...—> SFn is repeated cyclically, and the scan lines are
selected to bring about sequential scanning ‘with respect to any one
sub-frame period. With this sélection methqd, as compaied with the
selection methods (1) and (2) above, the address circuit for designating scan
lines can be constructed usihg a counter circuit having a simplified
construction.

Though the thinking behind the selection methods (1) to (3) for
selecting scan lines differ, the same driving sequences in terms of results-
may arise. |

In the exémple above, the sub-frame hold th_ne is given by (2 raised to a

power)x(a constant K)x(the number of sub-frames N)x(the horizontal

| scanning period H), though it is possible to arbitrarily fix the portion (2

raised to a power)x(a constant K). Generally, if the weighted portion (the

~ constant K)x(2 raised to a power) is repiaced with K@, the hold time is

given by NH-K(), and the ith sub-frame period (where i=1,2, ..., N) is given
by | |
[1+N-KGQIxH.

Because one frame périod is the sum of all of the sub-frame periods, it is

given by _
NH[1+ K1)+ K@) +...+ K(N)]= NH[1+ 2K ().
In order to shorten the frame period, supposing one frame period is made to
be NHL, the number of display scan lines is given by
L=1+K1)+K(2)+...+ K(N)=1+ZK(i).
In this case also, the scan line éelecﬁon sequence may be set according to

the same thinking as that of the case where the hold time of the sub-frarﬁes
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is (2 raised to a ﬁower)X(a constant K)x(the number of sub-frames N) x(the
horizontal scanning penod H).
Supplementary Explananon to Embodiment 1

Concerning the alternating current ldriving of the liquid crystal display
device in the present embodiment, counter-inversion driving is assumed as
is the case in prior art examples, and there are two values of fixed voltages.
However, cases where the voltage of the counter electrode is fixed may also
be applied by having é total of four values of fixed voltages, two values of
positive polarity and two values of negative polanty, respectlvely By
employmg pre-stage gate capacitively coupled driving or capacﬂ:lvely
coupled driving for controlling the storage capacity independently, it is made
possible to fix the voltage of t.he counter electrode with the numbér of values
of fixed voltageé kept at two. |

In the present embodiment, the 'number of display lines was set to
1=16 by-ma_king fhé number_of sub-frames N=4 and the constant K=1.
However, this is the.maximﬁm number of lines that can be displéyed. For
practical .purposes, the number of lines may be fewer th_ain this. For
example, in cases in which the maximum number of lines capable of being

displayed is set to L=16 and the actual number of lines displayed is 15 lines,

‘ the length of time during W]ﬁch no line is selected only arises for a time of

4H.
EMBODIMENT 2 |
Fig. 6 is an electrical circuit diagram of a liquid crystal display device
10A in accordance with embodiment  2. In embodiment 2, parts

corresponding to those of embodiment 1 are accorded the same reference
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numerals. In exhbodiinent 1, gray scale display is brought about by t_h_e
combination of two values of fixed voltages in a plurality of sub-frames that
are temporally weighted. HoWever, in the presént embodiment 2, gray
scale display is brought about by the combination of three or more values of
fixed voltages.  This phenomenon denotes gray scale display by
multiple-valued sub-frames; in other words, gray scale display brought
about by both digital and analog means.

With such cases using multiple-values, the construction of the circuit
for the analog multiplexer (decoder and switqh) that selects the fixed voltage
on the signal-side driver circuit becomes complex, but there is the advantage
of being able to increase the number of display gréy scales without
increasiﬁg the number of sub-frames. For example, as is shown in Fig. 7,
when there are three values of fixed voltages,'four sub-frames, énd a hold

timé ratio of 1:2:4°8, if the degree of freedom of usable fixed volf.ages for one

' gray scale is two, a maximum number of 31 gray scales can be obtained.

On the ofher hand, use of multiple values makes a reduction in the
numi)ex’ of sub-frames possible. For example, as is shown in Fig. 8, when
there are three values of ﬁxed voltages, three 'su'b'-frames, and a hold time
ratio of 1:2:4; if the degree of freed(;m of usable ﬁxed voltages for one gray
scale is twﬁ, a maximum number of 15 gray scales can be obtained.

Reduction in the number of sub-frames makes it possible to even further

. shorten the frame cycle, and by fixing the frame frequency, the horizontal

scanning frequency can be reduced, making a reduction in power possible.
With the use of multiple values, when for one gray scale, the degree of

freedom of usable fixed voltages is two, jumps in brightnéss between
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- adjacent gray scales is prevented and gray scale-brightness characteristics

are maintained.

In a&dition, as is shown in Fig. 9, when there are three values of fixed
voltages, four sub-frames, and a hold time ratio of 1:2:2:2, by appropriately
selecting the gray scale so that sudden bit changes at two adjacent gray
scales are reduced, image quality degradatioﬁ caused by dynamic contouring
can be suppressed-without increasing the number of sub-frames.

It is to be noted that in such cases using multiple-values also, in the

~same manner as cases where the number of values is two, alternative

current driving of the liquid crystal display device without doubling the
number of values of - fixed '-voltéges i.s possible by employing
cbunter-inversion- driving and capgcitively’coupled driving.
Supplementary Remarks . . |

Although in exﬁbodiments 1 and 2,. ]iq_uid érystal was used as the
display element in the explanation, the same m'ethod of selecting scan lines

as was described in embodjménts 1 and 2 may be applied when organic EL

device is used as the display element.

INDUSTRIAL APPLICABILITY
The constructions of the preseht invention aé desb:ribed above make it
possible to sufficiently overcome each of the problems confronting the
present mventlon A specific explanatlon is a follows.
(1) In comparison with prior art digital gray scale aisplay methods,
there is the advantageous effect of being able to shortén the frame period

and to significantly reduce flicker in prior art active matrix display devices,
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particularly in active matrix display devices using liquid crystal and organic
EL. In addition, by fixing the: frame frequency, there is the advantageous
effect qf being able to lengthen the horizontal scanning period and to reduce
the power required f01_' ‘the charging and 'd.ischarging of the liquid _crystal
panel capacity carried out at this time.

(2) There is the advantageous effect of being able to simplify the
conétruction of a driver circuit vvithout necessitating D/A converter circuits
or -.operaﬁ-tmal _ amphﬁers .and to thus fea]ize a reduction in power
consumption. |

(3) There is the advantagéouseffect of being- able to reduce image
quality degradation such as unevenness in brightness caused by variaﬁces

in transistor characteristics without necessitating highly accura_te, uniform

“thin film transistor characteristics to the extent called for by prior art

analog gray scale display methods. |
(4) By using multiple values of fixed voltages, it is made possible to
improve gray scale capability and to prevent image quality degradation such

as dynamic contouring without increasing power.
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What is claimed is:

1. A method of driving an active matrix display deyice wherein one
frame comprises a plurality of sub-frames each comprising a write time and
a hold time and a gray scale dieplay is biought about by the cumulative
effect of the hold times, the method comprising the steps of: |

simu._ltaneeusly with outpufting a signal having a value of a signal
level via each of signal lines, the value of the sigeal level being -
eelected from values of a pl_urality of signal levels in accordance
with digital image data aﬁd the number of the plurality of signal
levels being fewer than the number of dispiajr gray scales,
 randomly scanning scen lines other than one predetermined scan line
in a predetermined seqﬁence in the hold time of each of the
| sub-frames correeponding to the one predetermined scan line so
that any one sub-frame is not wxitten to any one scan line more
than once; .
wherein one frame period is such that in each respective scan line, tﬁe
writing of each of the plurality of sub-frames is substantially
brought about and the hold time of each of the sub-frames is

ensured to bring about gray scale display driving.

2. A method of driving an active matrix display device wherein one
" frame comprises a plurality of sub-frames SF1, SF2, ..., SFn, where n is a
natural number, each comprising a write time and a hold time and a gray

scale display is brought about by the cumulative effect of the hold times, the

* € L M s =
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method comprisihg the steps of:
simultaneously vﬁth outputting a signal having a value of a signal
level via each of signal lines, the value of the signal level being
selected from values of a plurality of signal levels in accordance
with digital image data and the number of the plurality of signal
levels being fewer than the number of display gray scales, |
selecting scan lines so that a seléction sequence of the periods of fhe
- sub-frames is repeatgd cyclically as in SF1— SF2— ...— SFn—
SF1—» SF2— ...— SFn.

3. A method of dnvmg an active matrix display device wherein one
frame comprises a plurality .of sub-frames SF1, SF2, ..., SFn, where n is a
natural number, each compﬁsin-g a writé timé aind a hold time and a gray
scale display is brought about by the cumulative éffect of the hold times, the
method comprising the stéps of: | |

-simultaneously with outputting a signal having a value of a signal
level via éach of signal lines, the value of the signal level Being
selected from values -of a plurality of signal levels in accordance
with digital image data and the number of the plurality of signal
levels being fewer than the number of display gray scales,

selecting scan lines so that a selection sequence of the periods of the
sub-frames is repeated cyclically as in SF1— SF2— ...— SFn—;
SF1— SF2— ...— SFn and sequéntial scanning is brought about

with respect to each of the sub-frame periods.

* c L M S * )
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4. A method of driving an ﬁctive matrix display device wherein one
frame comprises a plurality of sub-ffames each comprising a write time and
a hold time and a gray scale display is brought about by the cumulative
effect of the hold times, the method comprising the steps of:

simultaneously with outputting a signal having a value of a signal
| . level via each of signal lines, the value 6f the signal level being
selected from values of a blura]ii_:y of signal levels in accordance
with digital image data and the number of the plurality of signal
levels being fewer than the number of diépl_ay gray scales,
driving the display device such that the period of the frame is setlto
| - NH[1+K(2" -1)]=NHL
where N is. the number of sub-frames, H is a horizontal scanning
period, 1:2:4:...:2N1 is the weightings of the Bold times, L is the

number of scan lines, and K is a positive integer.

5. A method of driving an active matrix display device Wherein one
frame comprises a plurality of sub-frames each compﬁsing a write time and
a hold time and a gray scale display is brought about by the cumulative
effect of the hold times, the method comprising the steps of: |

simultaneouély with outputting a signal. having a value of a signal
level via ea& of signal lines, the value of the signal level being
selected from values of a plurality of signal levels in accordanqe
with digital image data and the number of the plurality of signal
levels being fewer than the number of display gray scales,”

driving the dispiay device such that the period of the frame is set to
YO R
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NH[1-ZK(})]= NHL
" where N is the number of sub-frames, H is a horizontal scanning
period, K() is the weighting of the hold time of the period of an ith

sub-frame where i=1,2,..., N, and L is the number of scan lines.

6. A method of driving an active matrix display device wherein one
frame comprises a plﬁrah'ty of sub-frames each coxhprising a write time and
a hold time and a gray scale display 1s brought about by the cumulative
effect of the hold times, the method comprising the steps of' _

simultaneously with 6utputting a signal having a value of a signal
.level via each of signal ljneé, the value of the signal level being
selected from vélues of a plurality of signal levels m accordance
with digital imége data and the number of fhe plurality of signal
levels béing at least three and fewer than the number of display
gray scales, making two the degree of ﬂ'eedom of the signal levels

usable for one gray scale within the period of the one frame.

7. A method of driving an active matrix display device according to
claim 1, wherein the number of the vaIues of the plurality of signal levels is

two.

8. A method of driving an acﬁve matrix display device according to
claim 2, wherein the number of the values of the plurality of signall levels is

two.

9. A method of driving an active matrix display device accoi'ding to

N -
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claim 3, wherein.the number of the values of the plurality of signal levels is

two.

10. A method of driving an active matrix display device according to

claim 4, wherein the number of the values of the plurality of signal levels is

two.

11. A method of driving an active matrix display device according to .
claim 5, wherein the number of the values of the plurality of signal levels is

two.

12. A method of driving an active matrix display device according to
claim 1, wherein the number of the valueé_. of the plurality of signal levels is

a plurality of three or more.

13. A method of driving an active matrix display device according to
claim 2, wherein the number of the values of the plurality of signal levels is

a plurality of three or more.

14. A method of driving an active matrix display device.accordjng to
claim 3, wherein the number of fhe_ values of the plurality of signal levels is

a plurality of three or more.

15. A method of driving an active _métrix display device according to
claim 4, wherein the number of the values of the plurality of signal levels is

a plurality of three or more.

* [ L M S *
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16. A metho-d of driving an active matrix display device according to

claim 5, wherein the number of the values of the plurality of signal levels is

a plurality of three or more.

17. An active matrix display device including a first substrate and a
second substrate confronting the first substrate with a liquid crystal layer

therebetween, the first substrate having formed thereon switching elements

- corresponding to the intersection points of a plurality of signal lines and a

plurality of scan lines arranged in a matrix, pixel electrodes connected to

the switching elements, and storage capacitors connected to the pixel
electrodes and the second substrate having formed thereon a counter

electrode, wherein one frame comprises a plurality of sub-frames each

comprising a write time and a bold time and a gray scale display is brought

about by the cumulative effect of the hold times, the display device
coxhprisingi |

a signal line driver circuit for éelecting a vélue of a voltage level from
. values of a plurality of voltage levels in accordance with digital
‘image data and outputting a Voltagé having the selected value via
each of the signal lines, the number bf the plurality of voitage

levels being fewer than the number of display gray scales; and
a scan line driver circuit for randomly scanr_ling the plurality of scaﬁ
lines by scanning scan lines other tHan one .predetermined scan
line in a predetermined sequence in the hold time of each of the.
sub-frames corresponding to 1;he one predetermined scan so that

any one sub-frame is not written to any one scan line more than

% ¢ L M 0§ %
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once;

wherein one frame period is such that in each respective sc.an line, the
writing of each of the plurality of sub-frames is substantially
brought about and the hold time of each of the sub-frames is

ensured to bring about gray scale ﬂisplay driving.

18. An active matrix display device including a first substrate and a
second substrate confronting the first substrafe with a liquid crystal layer
therebetween, the first substrate having formed thereon switching eleménts
corre_sﬁonding to the intersection points of a plurality of signal lines and a
plurality of scan lines arranged in a matrix, pixel electrodes connected to
the switching elements, and storage capacitors connected to the pixel
electrodes and the second substrate haﬁng fbrmed thereon a counter
electrode, wherein one frame comprises a plurality of sub-frames SF1, SF2,
.., SFn, where n is a nai:ural number, each comprising a write time and a
hold time and a gray scale display is brought about by the cumulative effect
of the hold times, the display device comprising: | |

a signal line driver cu'cmt for_selecting a value of a voltage level from
values of a plurality of voltage levels in accordance with digital
image data and outputting a voltage having the selected value via

~each of the signal lines, the number of the plurality of voltagé
levels being fewer than the number of display gray scales; z_md |

a scan line driver circuit for selecting the scan lines so that a sélection
sequence of the. periods of the sub-frames is repeated cyclically as
in SF1— SF2— ...— SFn— SF1— SF2— ...— SFn.

RO R
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19. An active matrix display device includidg a first substrate and a
second substrate confronting the first substrate with a liquid crystal layer.
thetebetween, the first substrate having formed thereon switching elements
corresponding to the intersection points of a plurality of signal hnes and a
plurality of scan lines arranged in a matrix, pixel electrodes connected to
the switching elements, and storage capacitors connected to the- pixel
electrodes and the second subst'rate having formed thereon a counter
electrode, wherein one frame comprises a plurality .of sub-frames SF1, SF2,

., SFn, where n is a natural number, each cdmprising a write time and a
hold time and a gray scale display is brought about by the cumulative effect
of the hold times, the display device comprising: |

a signal line driver circuit for selecting a value of a voltage level from
values of a plurality of voltage levels in accordance with digital
image data and outpp.tting_,a voltage having the selected value via
each of the signal lines, the number of the plurality of voltage
levels being fewer than the number of display gray scales; and

a scan line driver circuit for selecting the scan lines so that a selection
sequence of the periods of the sub-frames is repeated cyclically as
in SF1— SF2— ...— SFn— SF1— Sf2—> ...— SFn and sequential
scanning is brought about with respect to each of the sub-frame

pei'iods.

20. An active matrix display device including a first substrate and a
second substrate confronting the first substrate with a liquid crystal layer

therebetween, the first substrate having formed thereon switching_elemehts

[T
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corresponding to. the intersection points of a plurality of signal lines and a
plurality of scan lines arranged in a matrix, pixel electrodes connected to
the switching elements, and storage capacitors connected to the pixel
electrodes and the second substrate having formed thereon a counter
electrode, wherein one frame comprises a plurality of sub-frames each
comprising a write time and a hold time and a gray scale display is brought
about by the cumulative effect of the hold times, the dispiay device
comprising: | |
a signal line driver circuit for selecting a value of a voltage levei from
valués of a plura]ity of voltage levels in accordance with digital
image data and outputting a voltage having the selected value via
eaéh of the signal lines, the number of the plurality of voltage
levels being fewer than the number of display gray scales; and
.a scan line driver circuit for selecting the scan lines so that the period
of the frame is |
| NH[1+K(2" -1)]=NHL
:Where‘ N is the number of sub-fralhes, H is a horizontal scanning
period, 1:2:4:...:2N-1 js the weightings of the hold times, L is the

- number _of scan lines, and K is a positive integer.

21.  An active matrix display device including a first substrate and a

second substrate confronting the first substrate with a liquid Crystal layer

therebetween, the first substrate having formed thereon switching elements

. corresponding to the intersection points of a plurality of signal lines and a

plurality of scan lines arranged in a matrix, pixel electrodes connected to
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the switching eiements, and storage capacitors connected to the pixel
electrodes and the second substrate having formed thereon a counter
decﬁode, wherein one frame comprises a plﬁra]ity of sub-frames each
comprising a write time and a hold time and a gray scale display is brought
about by the cumulative effect of the hold times, the display device
comprising: |
a signallline driver circuit for selecting a vélue of a vo_ltage level from
values of a plurality of voltage levels in accordance v_vith' digital
image data. and outputting a voltage having the selected value via
each of the signal lines, the number of the plurality of . voltage
levels being fewer than the number of display gray scales; and
a sc,;an line driver circuit for selecting the scan lines so that the period
of the frame is | |
'NH[1-2K(i)]= NHL
where N is the number of sub-frames,. H is a horizontal scanning
period, K@) is the v&'eigilﬁng of the hold time of the period of an ith

sub-frame where i=1,2,..., N, and L is the number of scan lines.

22. An active matrix display device including a first substrate and a

second substrate confronting the first substrate with a liquid crystal layer

therebetween, the first substrate having formed thereon switching elements
corresponding to the intersection points of a plurality of signal lines and a
plurality of scén lines arranged in a matrix, pixel electrodes connected to
the switching elements, and storage éapa;:itors connected to the pixel
electrodes and the second substrate having formed thereon a counter
-
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electrode, wherein one frame comprises a plurality of sub-frames each

" comprising a write time and a hold time and a gray scale display is brought

about by the cumulative effect of the hold times, the display device
comprising:

a signal line driver circuit for selecting a value of a voltage level from
values of a plurality of voltage levels in accordance with digital
image data and outputting a voltage having the selected'value via
each of the signal lines, the number of the plurality of voltage
levels being at least three -and fewer than the number of display
g'ray. scales and the selection being carried out so that the degree
of freedom of the voltage lev;alé usable for one gray scale within
the period of the one frame is two; and

a scan line driver circuit for sequentially scanning or randomly

scanning the scan lines.

23. An active matrix display device accor'ding to claim 17, wherein the

number of the values of the plurality of voltage levels is two. -

24. An active matrix display device according to claim. 18, wherein the

number of the values of the plurality of voltaige levels is two.

25. An active matrix display device according to claim 19, wherein the

- number of the values of the plurality of voltage levels is two.

26. An active matrix display device according to claim 20, wherein the

number of the values of the plurality of voltage levels is two.
-_
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27. An active matrix display device.according to claim 21, wherein the

number of the values of the plurality of voltage levels is two.

28. An active matrix display device according to claim 17, wherein the
number of the values of the plura]it'y of voltage levels is a plurality of three

oY more.

29. An active matrix display device according to claim 18, wherein the
number of the values of the plurality of voltage levels is a plurality of three

Oor more.

30. An active matrix display device according to claim 19, wherein the
number of the values of the plurality of voltage levels is a plurality of three

or more.

31. An active matrix display device according to claim 20, wherein the
number of the values of the plurality of voltage levels is a plurality of three

oY more.

'32. An active matrix display device according to claim 21, wherein the
number of the values of the plurality of voltage levels is a plurality of three

Oor more.

' 83. An active matrix display device according to claim 17, wherein the
signal line driver circuit comprises an analog multiplexer for seleéting one
value of a voltage level selected. from the plurality of voltage levels and

outputting a voltage having the selected one value.
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34. An active matrix display device according to claim 18, wherein the
signal line driver circuit comprises an énalog multiplexer for selecting one
value of a voltage level selected from the plura]ity of voltage levels and

outputting a voltage having the selected one value.

35. An active matrix display device according to claim 19, wherein the
signal line driver circuit comprises an analog multiplexer for selecting one
value of a voltage level selected from the plurality of voltage levels and

outputting a voltage having the selected one value.

36. An active matrix display device according to claim 20, wherein the
signal line driver circuit comprises an analog multiplexer for sélecting one
value of a voltage level selected from the plurality of voltage levels and

outputting a voltage havihg the selected one value.

37. An active matrix display device according to claim 21, wherein the

signal line driver circuit comprises an analog multiplexer for selecting one

val_ug of a voltage level selected from the plurality of voltage levels and

outputting a voltage having the selected one value.

38. An active matrix display device accordj.ﬁg to claim 22, wherein the
signal line driver circuit comprises an analog multiplexer for selecting one
value of a voltage level selected from the plurality of voltage levels and

outputting a voltage having the selected one value.

39. An active matrix display device according to claim 17, wherein the
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scan line driver circuit comprises a decoder for selecting the scan lines in-

accordance with inputted address signals.

40. An active matrix display device according to claim 18, wherein the
scan line driver circuit comprises a decoder for selecting the scan lines in

accordance with inputted address signals.

41. An active matrix display device according to claim 19, wherein the

.scan line driver circuit comprises a decoder for selecting the scan lines in

accordance with inputted address signals.

42.  An active matrix display device according to claim 20, wherein the
scan line driver circuit comprises a -decoder for selecting the scan lines in

accordance with inputted address signals. .

43. An active matrix display device according to claim 21, wherein the
scan line driver circuit comprises a decoder for selectihg the scan lines in

accordance with inputted address signals.

44. An active matrix display device according to claim 22, wherein the
scan line driver circuit comprises a decoder for selecting the scan lines in

accordance with inputted address signals.

45. An active matrix 'display device according to claim 17, wherein each

of the switching elements comprises a three-terminal thin film transistor.

46. An active matrix display device according to claim 18, wherein each
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of the switching elements comprises a three-terminal thin film transistor.

47. An active matrix display device according to claim.19, wherein each

of the switching elements comprises a three-terminal thin film transistor.

48. An active matrix display device according to claim 20, wherein each’

of the switching elements comprises a three-terminal thin film transistor.

49. An active matrix display device according to claim 21, wherein each

of the switching elements comprises a three-texminal thin film transistor.

50. An active matrix display device according to claim 22, wherein each

of the switching elements comprises a three-terminal thin film transistor. -

51. An active matrix display device according to claim 17, wherein the

- counter electrode is driven by inversion driving according to a cycle of an

integral multiple of a horizontal séanm'ng period, the driving be'iﬁg
synchronized with output signals from the signal line driver circuit.

52. An active matrix display device according to claim 18, wherein the
counter electrode is driven by inversion driving according to a cycle of an
integral multiple of a horizontal jscanning period, the driving being

synchronized with output signals from the signal line driver circuit.

53. An active matrix display device according to claim 19, wherein the
counter electrode is driven by inversion driving according to a cycle of an

integral multiple of a horizontal scanning period, the dﬁving being
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synchronized with output s1gnals from the signal line driver circuit.

54. An active matrix .display device according.to claim 20, wherein the
counter electrode is driven by inversion driving according to a cycle of an
integral multiple of a horizontal scanning period, the driving being

synchronized with output signals from the signal line driver circuit.

55. * An active matrix display device according to claim 21, wherein the
counter electrode is driven by inversion driving according to a cycle of an
integral multiple of a horizontal scanning period, the driving being

synchronized with output signals from the signal line driver circuit.

56. An active matrix display device according to claim 22, wherein the
counter electrode is driven by inversion driving according to a cycle of an
integral multiple of a horizontal scénning period, the driving being

synchronized with output sigﬁals from the signal line driver circuit.

B7. An active matrix display device according to claim 17, wherein
outputs supplied from the scan line driver circuit are selected from. four

values to carry out capacitively coupled driving.

58. An active matrix display device according to claim 18, wherein
outputs supplied from the scan line driver circuit are selected from four

values to cairy out capacitively coupled driving.

59. An active matrix display device according to claim 19, wherein

outputs supplied from the scan line driver circuit are selected from four
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values to carry out capacitively coupled driving.

60. An active matrix display device according to claim 20, wherein
outputs supplied from the scan line driver circuit are selected from four

values to carry out capacitively coupled driving.

61. An active matrix display device according to claim 21, wherein

outputs supplied from the scan line driver circuit are selected from four.

“values to carry out capacitively coupled driving.

62. An active matrix display device according to claim 22, wherein.

outputs supplied from the scan line driver circuit are selected from four

values to carry out capacitively coupled driving.

63. An active matrix display device according to claim 17, wherein
outputs supplied from the scan line driver circuit are selected from two

values and the storage capacitors are independently driven with two values

to carry out capacitively coupled driving.

64. An active matrix display device according to claim 18, wherein
outputs supplied from the scan line driver circuit are selected from two

values and the storage cap acitors are independently driven with two values

“to carry out capacitively coupled driving.

65. An active matrix display device according to claim 19, wherein
outputs supplied from the scan line driver circuit are selected from two

values and the storage capacitors are independently driven with two values

L
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to carry out capacitively coupled driving.

66. An active matrix display device according to claim 20, wherein
outputs supplied from the scan line driver circuit are selected from two
values and the storage capacitors are independently drlven with two values

to carry out capacitively coupled driving.

67. An active matrix display device according to claim 21, wherein
outputs supplied from the scan line driver circuit are selected from two
values and the storage capacitors are independently driven with two values

to carry out capacitively coupled driving.

68. An active matrix 'display ‘device according to claim 22, wherein
outputs supplied from the scan line driver circuit are selected from two
values and the storage capacitors are indeperidently driven with two values

to carry out capacitively coupled driving.

69. An active matrix display device including a first substrate and a
second substrate confronting the first substrate with a luminescent layer
therebetweeﬁ, the first substrate having formed thereon first switching

elements corresponding to the intersection points of a plurality of signal

- lines and a pllirality of scan lines arranged in a matrix, second switching

elements connected to the first switching elements, pixel electrodes
connected to the second switching elements, and power supply lines
connected to a side of the second switching elements differing from that to

which the pixel electrodes are connected and the second substrate having

_—
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forméd thereon a counter electrode, wherein one frame comprises a plurality
of sub-frames each comprising a write time and a hold time and a gray scale
display is brought about by the cumulative effect of the hold times, the
display.devicé comprising* |

a signal line driver circuit for selecting a value of a voltage level from

" values of a plilrality of voltage levels in accordance with digital
image data and outputting a voltage having the selected value via
each of the signal lines, the number of the plurality of voltage

- levels Being fewer than 'tl.le number of display gray scales; and .

a scan line driver circuit for randomly scanning the plurality of scan
lines by scanning scan lines other than one ﬁredetermined-scan
line in a predetermined sequence in fhe hold time of each of the
sub-frames corresponding to the oné predetermined scan so that
any one sub-frame is not written to any one scan line more than
once;

wherein one frame period is such that m _each respective scan line, the
writing of each of the plurality of sub-frames is substantially

_brought about and the hold time of each of thé sub-frames is

. ensured to bring about gray scale display driving.

70. An aétive matrix display device including a first substrate and a
second substrate confronting the first substrate with a luminescent layer
therébetween, the first substrate having formed thereon first switching
elements corresponding to the intersection points of a plurality of signal

lines and a plurality of scan lines 'arranged in a matrix, second switching

T




49

elements connected to the first switching elements, pixel electrodes
connected to the second switching elements, and power supply lines
connected to a side of the second switching elements differing from that to
which the pixel electrodes are connected and the second substrate having
5 formed thereon a counter electrode, wherein one frame comprises a plurality
of sub-frames SF1, SF2, ..., SFn, where n is a natural number, each
comprising a write time and a hold time and a gfay scale display is brought
about by the cumulati.vé effect of the hold times, thel display device
comprisingi' ' |
10 a signal line driver mrcult for selecting a value of a voltage level from
values @f a plurality of voltage levels in accordance with digital
image data and outputting a voltage having the selected value via
each of the signal lines, the number of the plurality of voltage.
levels being.fewer than the number of display gray scales; and
15 a scan line driver circuit for selecting the scan lines so that a selection
| séquence of the pério_ds of the sub-frames is rep‘eated cyclically as
in SF1-» SF2— ...— SFn— SF1- SF2— ...— SFn.

71. An active matrix display device including a ﬂst substrate and a

second éubstrate confronting the first substrate with a luminescent layer

20 therebetween, the first substrate having formed thereon first switching
elements corresponding to the intersection points of a plurality of signal

| lines and a pluralify of scan lines arranged in a matrix, second switching
elements connected to the first switching elements, pixel .electrodes

connected to the second switching elements, and power supply lines
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connected to a side of the second switching 'elementé differing from that to
which the pixel electrodes are connected and the second substrate having
formed thereon a counter electrode_, wherein one frame comprises a plurality
of sub-frames SF1, SF2, ..., SFn,' where n is a natural number, each

comprising a write time and a hold time and a gray scale display is brought

- about by the cumulative effect of the hold times, the di-spiay device

comprising:

a signal line driver circuif for selecting a value of a voltage level from
values of a plurality of voltage levels in accordance ﬁth digital
image ﬂai;a and outputting a voltage having the selected value via
each of the signal lines, the number of the plurality of voltage |
levels being fewer than the number of display gray scales; and

a scan line driver c1rcu1t for selecting the scan lines so that a selectibn
sequence of the periods of the sub-frames is repeated cyclically as
in SF1— SF2— ...—» SFn— SF1— SF2— ...— SFn aﬁd sequential

_scanning is brought about with respect to each of the sub-frame

periods.

72. An active matrix display device including a first substrate and a

second substrate confronting the first substrate with a luminescent layer

. therebetween, the first substrate having formed thereon first switching

elements corresponding to the intersection points of a plurality of signal
lines and a plurality of scan lines arranged in a matrix, second switching
elements connected to the first switching elements, pixel electrodes

connected to the second switching elements, and power supply lines
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connected to a side of the second switching elements differing from that to
which the pixel electrodes are connected and the second substrate having
formed thereon a counter electrode, wherein one frain_e comprises a plurality
of sub-frames each comprising a write time and a hold time and a gray scale
display is brought about by-the. cumulative effect of the hold times, the
display device comprising: |
a signal line driver circuit for selecting a value of a voltage level from
values of a plurality of voltage levels in accordance with digital
| image data and outputting a voltage having the selected value via
each of the signal lines, the number of -the plurality of voltage
levels being fewer than the number of display gray scales; and
a scan line driver circuit for selecting the scan lines so that the period
of the frame is | |
NH[1+ K (2" -1)]= NHL
where N is the number of sub-frames, H is ‘a horizontal scanning
period, 1:2:4:...:2N1 js the weightings of the hold times, L is the

number of scan lines, and K is a positive integer.

738. An active matrix display device including a‘ first substrate and a
second substrate éonfronting the first substrate with a lumingscent layer
therebetween, the first- substrate -having -f'ormedl thereon first switching
elements corresponding to the_'interset:tion points of a plurality of signal
lines and a plurality of scan Hnes arranged in a matrix, second switching
elements 'com.lected to the first switching elements, pixel electrodes

connected to the second switching elements, and power supply lines
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connected t.o a side of the second switching elements differing from that to
which the pixel electrodes are connected and the secoﬁ.d substrate having
formed thereon a counter electrode, wherein one frame comprises a plurality
of sub-frames each comprising a write time and a hold time and a gray scale
display is brought about by the cumulative effect of thé hold times, the
display device comprisinét |
a signal line driver-circuit for selecting a value of a voltage level from
values of a plurality of voltage levels in accord_ance with digital
image data and outputting a voltage having the seiected value via
each of the signal lines, the number of the plurality of voltage
levels being fewer than the number of display gray scales; and
a scan line driver circuit for selecting the scan lines SO tha_t the périod _
of the frameis |
NH[1-2K()]= NHL
where N is the number of sub-frames, H is a horizontal scanning
~ period, K() is the weighting of the hold time of the period of an ith

sub-frame where i=1,2,..., N, and L is the nuinber of scan lines.

74. An active matrix display device including a first substrate and a
second substrate confronting the first substrate with a luminescent layer

therebetween, the first substrate having formed thereon first switching

'elements corresponding to the intersection points of a plurality of signal

lines and a plurality of scan lines arranged in a matrix, second switching

_elements connected to the first switching elements, pixel electrodes

connected to the second switching elements, and power supply lines
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connected to a side of the second-switching. elements djffeﬁng from that to
" which the pixel electrodes are connected and the secdnd substrate having
formed thereon a counter .e'lectrode, wherein one frame comprises a plurality
of sub-frames each cqmprising a write time and a hold time and a gray s.calé'
5 display is brought about by the cﬁmulaﬁve effect of the hold times, the
display device comprising: | | '
a signal line driver c1rcu1t for selecting a value of a voltage level from
| values of a plurality of voltage levels in accordance with digital |
image. data and outputting a voltage having the selected value via
10 _ éach of the ..si.gnal jines, the number of the plurality of Volta_ge-'
 levels béing at least three and fewer than the number of display
gray scales and the selection being carﬁed'out so that the degree
of freedom of the voltage levels usable for one gray scalé W1th1n
. the period of the one frame is two; and
15 a scan line driver circuit for seduentia]ly scanning or randomly

scanning the scan lines.

75. An active matrix display device according to claim 69, wherein the

number of the values of the plurality of voltage levels is two.

76. An active matrix 'display dey_iCe acpprding to claim 70, wherein the

20 number of the values of the plura]itﬁr of voltage levels is two.

77. An active matrix display device according to claim 71, wherein the

‘number of the values of the plurality of voltage levels is two.
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78. An active matrix display device according to claim 72, wherein the

number of the values of the plurality of voltage levels is two.

79. An active matrix display device according to claim 73, wherein the

number of the values of the plurality of voltage levels is two.

80. An active matrix display device according to claim 69, wherein the
nﬁmber of the values of the plurality of voltage levels is a plurality of three

Oor more.

81. An active matrix display device according to claim 70, wherein the

number of the values of the plurality of voltage levels-lis a plurality of three

oY more.

82. An active matrix display device according to claim 71, wherein the
number of the values of the plurality of voltage levels is a plurality of three

Oor more.

83. An active matrix display device according.to claim 72, wherein the
number of the values of the plurality of voltage levels is a plurality of three

or more.

84. An active matrix display device according to claim 73, wherein the
number of the values of the plurality of voltage levels is a plurality of three

or more.

85. An active matrix display device according to claim 69, wherein the
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signal line driver' circuit comprises an analog multiplexér for selecting one
value of a voltage level selected from the plurality of voltage levels and

outputting a voltage having the selected one value.

86. An active matrix'display device according to claim 70, wherein the
signal line driver circuit comprises an analog multiplexer for selecting one
value of a voltage level selected from the plurality of voltage levels and

outputting a voltage having the selected one value.

87.  An active matrix display device according to claim 71, wherein the
signal line driver circuit comprises an analog multiplexer for selecting one
value of a voltage level selected from the plurality of voltage levels and

outputting a voltage having the selected one value.

88. An active matrix display device according to claim 72, wherein the
signal line driver circuit comprises an analog multiplexer for selecting one
value of a voltage level selected from the plurality of voltage levels and

outputtmg a voltage having the selected one value.

89. An active matnx display dev1ce according to claim 73, Wherem the
signal line driver circuit compnses an analog multlplexer for selecting one

value of a voltage level selected from the plurality of voltage levels and

- outputting a voltage haviilg the selected one value.

90. An active matrix display device according to claim 74, wherein the

signal line driver circuit comprises an analog multiplexer for selecting one

x ¢ L M5 %



10

15

20

56

value of a voltage level selected from the plurality of voltage levels and

_outputting a voltage having the selected one value.

91. . An active matrix display device according to claim 69, wherein the
scan line driver circuit comprises a decoder for selecting the scan lines in

accordance with inputted address signals.

92. An active matrix display device according to claim 70, wherein the
scan line driver circuit comprises a decoder for selecting the scan lines in

accordance with inputted address signals. -

93. An active matrix display device according to claim 71, wherein the |
scan line driver circuit comprises a decoder for selecting the scan lines in

accordance with inputted address signals.

94. An active matrix'display device according to claim 72, wherein the
scan line driver circuit cdmprises a decoder for selecting the scan lines in

accordance with inputted address signals.

95. An acﬁ,vé matrix display device accordiﬁg to claim 73, wherein the
scan line driver circuit comprises a decoder for selecting the scan lines in -

accordance with inputted address signals.

96. An active matrix display device according to claim 74, wherein the
scan line driver circuit comprises a decoder for selecting the scan lines in

accordance with inputted address signals.

_
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97. An active matrix display device according to claim 69, wherein each

of the first switching elements and the second switching elements comprises

. a three-terminal thin film transistor.

98.. An active matrix display device according to claim 70, wherein each
of the first switching elements and the second switching elements comprises

a threejterminal thin film transistoxr.

99. An active matrix display device according to claim 71, wherein each
of the first switching elements and the second switching elements comprises

a three-terminal thin film transistor.

100. An acﬁve matrix display device according to claim 72, wherein each

of the first switching elements and the second switching elements comprises

" a three-terminal thin film transistor.

101. An active matrix display device according to claim 73, wherein each
of the first switching elements and the second switching elements comprises

a three-terminal thin ﬁlm transistor.

102. An active matrix display device according to claim 74, wherein each
of the first switchjng' elements and the second switching elements comprises

a three-terminal thin film transistor.
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